Understanding and trouble-shooting microscopic processes involved in laboratory tests are often challenging for students in science education because of the inability to visualize the different steps and the various errors that may influence test outcome. The effectiveness of gamification or the use of game design elements and game-mechanics were explored in a year-long research project which saw the development of a web based learning tool that visualized Enzyme Linked Immunosorbent Assays (ELISAs) in a digital laboratory. A cohort of 30 students from the Bachelor of Medical Laboratory Science trialed the first prototype and provided feedback in a survey on their learning experience and the extent to which the learning tool enhanced their learning. This article provides additional insights into likely future trends of substituting traditional learning modes such as lecture and practical laboratory classes with gamified content.
Introduction
Understanding and trouble-shooting microscopic processes involved in laboratory tests are often challenging for students in Biomedical Science, Medicine, Medical Laboratory Science and Veterinary Science. This is because of the inability to visualize the different steps and the various errors that may influence test outcome. A typical test these students have to learn and master in the laboratory is the Linked Immunosorbent Assay (ELISA). Enzyme ELISAs are designed to detect specific antigens from, for example, a viral agent such as Dengue fever. The detection consists of several steps, where reagents in each step link onto the previous if they are compatible. After an incubation period the excess reagent is washed away and the next step is applied. This linking and washing is continued until an indicator system can be applied and create a color change equivalent to the number of positive reactions in previous steps (Figure 1 ).
The current learning environment does not provide a visualization of this microscopic process and the students are faced with a success or failure at the end of the test, with little chance for them or the educator of finding out where they may have gone wrong. Such an experience leaves students disillusioned and questions the value of the practical application of these assays in a learning environment. This hurdle in teaching and learning spurred a cooperation between students and educators of the School of Veterinary and Biomedical Sciences, School of Creative Arts and School of Business at James Cook University, north Queensland, Australia, in order to develop a web-based learning tool for students of the Bachelor of Medical Laboratory Science and Bachelor of Veterinary Science which would be designed to visualize the microscopic ELISA process during different steps providing immediate feedback on application of the various reagents. It was envisioned that the learning tool would be available online to allow students to explore the ELISA in their own time and at their own pace. This cooperation was a year-long project and integrated into the existing curriculum with design students, information technology students and medical laboratory science students collaborating on the development and design of the learning tool under the supervision of three educators from the respective disciplines.
In order to develop a learning tool that is engaging and motivates students to learn, student and educator teams looked into the concepts of gamification of learning which is the use of game design elements and game-mechanics in a learning context (Kapp, 2012) . Some authors see great potential in games in particular for science education, for example Honey and Hilton (2011) suggest that 'they enable learners to see and interact with representations of natural phenomena that would otherwise be impossible to observe' (p.1). However, despite an increased interest in gamification of learning in higher education and an increased application of game-based learning in the classroom, there is still not enough evidence showing the effectiveness of games in science instruction or learning (Ke, 2009 in Morris et al., 2013, p. 11; O'Neil et al., 2005) .
The lack of evidence for the efficacy of gamification is not specific to science education but to higher education in general. Recent studies mapping existing literature (e.g., Borges et al., 2014; Dicheva et al., 2015; Hamari et al., 2014) generally came to the conclusions that there is a growing interest in gamifying educational content; indeed more papers report on gamification in higher education compared to marketing or customer engagement. Furthermore, there is often a lack of empirical evidence to support claims about positive impacts on learning outcomes and research on gamification in education is still in its infancy. It is particularly important to explore the contrasting opinions on the effectiveness of gamification in education that have emerged (e.g. Hanus & Fox, 2015) . Dicheva et al. (2015) note that 'while the concept of gamification may look simple, the analyzed [sic] work demonstrates that gamifying learning effectively is not [simple] ' (p. 84) . Therefore, the authors of this paper set out to gain a better understanding of gamification in science education and in particular to evaluate the extent to which the gamification of the ELISA can enhance student learning. The developed web-based learning tool was trailed with a cohort of students in the Bachelor of Medical Laboratory Science in terms of learning enhancement and user experience.
Beyond Sugaring the Pill -Gamification in Higher Education
Utilizing games for learning in higher education has developed significantly since its beginning and from what Jong, Lee and Shang (2013) called 'sugaring the pill' for the purpose of making learning more interesting. While Ebner and Holzinger (2007) 'found little evidence' of the use of games in higher education in 2007, game-based learning or gamification of learning has increasingly received attention in the higher education context. Gamification was, until recently, broadly defined as the use of game design elements and game-mechanics in a non-game context with the goal of engaging users in solving problems (Deterding, Dixon, Khaled & Nacke, 2011; Huotari & Hamari, 2012) . Typical game elements applied in a non-game context are, for example, point scoring, competition with others and rules of play (Oxford Dictionary, 2012 (Dicheva et al., 2015; Kim, 2015) . Gamification of content occurs in a variety of contexts today and is widespread with 'over 50 percent of organizations [sic] …using gamification to engage employees' (Swann, 2012) and increasingly in a learning and training context.
In higher education gamification is most often discussed in relation to the engagement of students in the learning process. According to Renaud and Wagoner (2011) and Villagrasa and Duran (2013) providing the opportunity to acquire knowledge through the use of game mechanics is a major driver to engage and motivate students to learn, a view which is supported by the findings of Poole et al. (2014) and the review by Hamari et al. (2014) .
Another benefit of gamification highlighted in some studies is improved learning which Borges et al. (2013) classifies as the 'gamified solutions to enhance the way students learn, maximizing the results of the learning process' (p. 221). Hamari et al. (2014) also conclude in their review that the gamified interventions increased the knowledge of students on the topic. Dicheva et al. (2015) found in their systematic mapping study that although many papers lack research rigor 'gamification has the potential to improve learning if it is well designed and used correctly' (p. 83).
Instant and frequent feedback takes on an important role in gamified learning and can create positive outcomes (e.g., Hanus & Fox, 2015; Nah et al., 2014) . Nah et al. (2014) state in their review of the literature that the 'more frequent and immediate the feedback is, the greater the learning effectiveness and learner engagement' (p. 406).
Interestingly some features of gamification appear to elicit opposing outcomes in individual studies. These include features or elements that are widely used for gamifying learning content such as leaderboards, badges and rewards (Hanus & Fox, 2015; Nah et al., 2014; Poole et al., 2014) . These features can not only engage students more actively but also increase competition. While Buckley and Doyle (2014) , consider the competitive aspect as motivating and exciting for individual students, Hanus and Fox (2015) suggest that encouraging competition harms motivation, and Hamari et al. (2014) note that some studies also report on increased competition between students as a negative outcome.
Some authors raise the concern 'that the results of gamification may not be long-term' but produced by the 'novelty effect' (Hamari et al., 2014, p. 3028) . Similarly, De-Marcos et al. (2016) question, as a result of their study, the long-term sustained engagement of students with gamified learning content and suggest that more research is needed to reject/support claims that gamification leads to shallow learning.
Gamification in Biomedical Science Education
Learning and teaching in biomedical sciences is largely structured around on-campus faceto-face learning experiences where information transmission occurs either in lectures, tutorials and/or laboratory sessions. Digital game-based learning or gamification of learning is seen by some authors as the next step to offer contemporary science education, in particular with today's students who are being described as 'sophisticated consumers of digital content' (Epper, Derryberry & Jackson, 2012, p. 8) . The Federation of American Scientists (2006) recognized early on that;
'People acquire new knowledge and complex skills from game play, suggesting gaming could help address one of the nation's most pressing needs -strengthening our system of education and preparing workers for 21st century jobs' (p. 3)
As an outcome of a summit on educational games the Federation of American Scientists (2006) acknowledged several attributes of games that would be useful for application in learning environments. These include, among others:
 contextual bridging (i.e., closing the gap between what is learned in theory and its use);  high time-on-task [high engagement time];  motivation and goal orientation, even after failure;  providing learners with cues, hints, and partial solutions to keep them progressing through learning;  personalization of learning; and  infinite patience. (Federation of American Scientists, 2006; p. 5) Requiring students to problem solve by presenting a problem within its wider, real life context and integrating game-like elements in learning is not new in higher education. For example, 'digital simulations provide a learning environment in which the student can practice difficult, exacting, life-threatening, or mission-critical skills' (Epper, Derryberry & Jackson, 2012, p. 2) . Digital simulations provide real life experiences in which 'students [can] immerse themselves in a realistic simulated setting without the fear of real life consequences' (Ebner & Holzinger 2007, p. 3) . Nevertheless, the difference between simulations and gamified learning content is that simulations are usually lacking the competitive character of games or the 'by chance' element (Epper, Derryberry & Jackson 2012, p. 2) . Other features or game mechanics that can assist and motivate students to learn are narratives, progress mechanics, immediate feedback and player control (Honey & Hilton, 2011; Morris et al., 2013) . A game-like environment also allows the construction of a problem context and allows the learner to approach a problem via multiple pathways (Ebner & Holzinger, 2007) . Although digital games for learning can have powerful features, they must be driven by learning outcomes (De-Marcos et al., 2016; Federation of American Scientists, 2006; Hanus & Fox, 2015; Jong, Lee & Shang, 2013) . Epper, Derryberry and Jackson (2012) argue that distinctions between the real world and the online world are blurry for students' (p. 9). Therefore digital game-based learning or gamification of learning is seen by some authors as a step to offer contemporary science education. Morris et al. (2013) in particular argue that scaffolding the development of scientific thinking can be achieved via educational and cultural tools in which gamification will play a major role as a contributor to science education. Honey and Hilton (2011) argue that game-based learning could be part of a new approach to science education in that 'teachers spark students' interest by engaging them in investigations, helping them to develop understanding of both science concepts and science processes while maintaining motivation for science learning.' (p. 1). Morris et al. (2013) support this argument and see games in science education as 'tools to create positive user experiences, their motivational and learning potential can be repurposed to enhance science education' (p. 2). More specifically, Morris et al. (2013)  that learning can be scaffolded to provide knowledge according to the learner's development; and  students are allowed to fail without penalty (opposed to an exam) and that therefore the students' curiosity is encouraged.
Overall, gamification of learning is considered to support enquiry-based approaches found in science education with some authors arguing that science education can be enhanced through gamification of learning.
A hands-on example is described by Geelan et al. (2015) who studied the use of gamification to teach the fundamentals of bioscience to first year undergraduate students. In the study, gamification was used to 'engage students more actively in the unit content', improve content retention and 'increase the productivity of study time for students' (p. 3). The study reported that students 'found the system to be fun and interesting, and it was both reported and observed that learning outcomes were significantly improved' (p. 16). Geelan et al. (2015) see these positive outcomes of classroom gamification by including game based elements that reduce 'the likelihood that students would engage in 'playing the game' rather than in 'learning through the game' (p. 16).
The ELISA Learning Tool: Project Development

The project called A Collaborative Approach to On-line Learning of Diagnostic Test
Function was funded by a JCU Teaching and Learning Development grant and involved a collaboration between academics and students from the School of Veterinary and Biomedical Sciences, the School of Creative Arts and the School of Business. The aim was to develop a web-based learning tool that would  make microscopic processes visible to foster learning and understanding of the ELISA process,  use principles of gamification to enhance the learning experience and motivate students to learn,  allow students to learn and practice the ELISA independent of the laboratory environment and the need for the educator to be present, and  therefore, allow students to learn at any time and in any place.
The project was a year-long project with students from three disciplines (media design, information technology and medical laboratory science) collaborating on the design and development of the ELISA Learning Tool. Throughout the development process the designs were tested by medical laboratory (MedLab) science students and their feedback considered to improve the product. At a final presentation the best product from seven student teams was chosen, tested again and finalized as a prototype to be trailed with a student cohort of MedLab Science students (Figure 2) . The ELISA Learning Tool is a web-based interactive multimedia application which allows students to learn about ELISA and check their knowledge in the digital environment. Because of the complexity of such a project, which requires the collaboration of designers, IT and content specialists within particular budget and time specifications, the educator team decided to develop a prototype with limited functionalities first before engaging in the full development of the application. This decision was also guided by the lack of existing research concerning hands-on experience with gamification in science education. To work towards a long-term solution it was decided to explore this new territory through an iterative process, which required testing the prototype throughout its developmental stages and testing the final prototype with a cohort of MedLab Science students.
The first prototype introduced students to a home screen where they could select to "play" ELISA or to access "information" on ELISA. The latter provided students with information on the theory and procedure of ELISA (Figure 3 ). When students decided to play ELISA they were able to start testing their knowledge in two sections, Antigen Detection and Antibody Detection with four possible ELISAs (or challenges) provided in each section. In the case of the Antibody Detection students could design an ELISA to detect an antibody against one of the following viruses: Chicken Pox, Measles, Hepatitis A and Rubella (Figure 4 ). Once a test or challenge was selected students entered the virtual laboratory in which larger than life visualizations of ELISA elements were presented (e.g. Capture, Antigen, Detecting and Conjugate) ( Figure 5 ). The laboratory environment also displayed control buttons such as "incubate", "wash" and "reset", symbolizing actions to be undertaken during an ELISA in the real world laboratory environment. The look and feel of the application was held in a game-like style by using a distinct illustrative style. This style was playful but at the same time effective information design was used to create icons and symbols that were informative at first sight ( Figure 6 ). Rollover actions revealed further information on elements available for the test and context-sensitive help was provided throughout the game through mouse movement (Figure 7 ). Students could access the "information" icon throughout the game, which also led them to explanations on "How to Play ELISA" (Figure 8 ).
Animations and sound were integrated in the ELISA learning tool to enhance the learning experience and to further engage students in this style of learning. After each test was concluded students would receive instant feedback on their result and would be offered to "try again" or move on to a different challenge. 
Research Methods
A student cohort of 3 rd year MedLab Science students were invited to participate in different learning activities around ELISA and to provide feedback on their learning experience. The students participated in a lecture, which introduced them to the theory of ELISA, a practical class in the laboratory in which students could practice what they had learned. Subsequently, students used the ELISA Learning Tool to consolidate and test their knowledge further.
In order to evaluate the value and effectiveness of the ELISA Learning Tool students (n=30) were invited to provide feedback in an anonymous questionnaire after all learning activities were completed. The questionnaire explored the extent to which learning the ELISA can be enhanced through gamification of learning utilizing the developed webbased learning tool. In particular the following questions were investigated:
1. How successful was the ELISA Learning Tool as a learning experience for students? 2. Would students use the ELISA Learning Tool for their learning and hence could it substitute the practical laboratory classes?
Questions in the questionnaire were designed in the form of multiple-choice question (e.g. Did you enjoy learning ELISA with help the learning tool? Yes/No). The questions were often followed by an open-ended question which asked students to explain answer choices in more detail (e.g. Why did you or did you not enjoy using the ELISA Learning Tool? Please explain).
Quantitative data are presented as response counts, percentages and a tally of response totals. Qualitative data collected were analyzed by looking for common topics or coding themes, which are overarching themes that can be identified within the data (Punch, 2009 ). The coding categories (topic coding) were not pre-established but left to emerge. Typical student comments are presented to illustrate each theme.
Findings: Student Feedback on the Learning Value and Experience of the ELISA Learning Tool Learning Value of Activities
A cohort of 30 students participated in the learning activities (lecture, practical class, ELISA Learning Tool) and provided feedback in the questionnaire. Of these students, 29 students (97%) attended lectures and all students (100%) attended the practical class and trailed the ELISA Learning Tool.
The feedback gathered on the effectiveness for learning of lecture, practical class and the ELISA Learning Tool provides some interesting insights. Regarding how effective students experienced the lecture, 13 students (45%) found the lecture very useful, 11 students (38%) found it useful and five students (17%) were undecided. One student did not answer this particular question.
Student feedback on the effectiveness of the practical class in the laboratory yielded similar results but a slightly higher percentage was undecided, 13 students (43%) found the practical class very useful, nine students (30%) experienced it as useful, and eight students (27%) were undecided.
The feedback on how students experienced the effectiveness of the ELISA Learning Tool deviates from feedback on lecture and practical class in the 'very useful' category. Of the 30 students who trailed the ELISA Learning Tool seven students (23%) found the ELISA Learning Tool very useful, 13 students (43%) found it useful and 5 students (17%) were undecided. There were also five students (17%) who stated that they experienced the ELISA Learning Tool as not very useful-a category not selected for lectures and practical class. None of the students selected not useful at all in the survey. 
Authenticity of learning with the ELISA Learning Tool
It was important to investigate whether students experienced the ELISAs presented in the Learning Tool as an accurate simulation of the real testing process in the laboratory. Table  2 shows that the majority of students (90%) felt simulations were realistic. Students were also asked to provide feedback on their learning experience. They were asked if they enjoyed learning with the ELISA Learning Tool. A very high number of students, 27 students (90%), stated that they enjoyed learning the ELISA with the help of the ELISA Learning Tool. Only three students (10%) did not enjoy the experience (Table  3) . When analyzing the qualitative feedback regarding students' positive learning experience (90% of students enjoyed using the ELISA Learning Tool), four main themes emerged. These themes are overviewed in Table 4 with each theme illustrated by typical comments. The feedback from the three students (10%) who did not enjoy the learning experience gave insight into why this was the case. Two students found the test exercise 'too simple and childish for a university student' and also too repetitive to facilitate learning. The other student experienced the tests provided as 'just too complicated'.
A deeper insight on what worked best for students when using the ELISA Learning Tool was gained by asking students to provide three reasons for what they liked most about the learning tool. The analysis of the feedback from the 27 students (90%) who enjoyed learning with the help of the Learning Tool revealed the following reasons with the number of references made shown in brackets.
 Information about the ELISAs and instructions provided (13)  Interface design/graphical representation of the antigen/antibodies (13)  Easy to use and understand (11)  Quick (7)  Interactivity/animation/dynamic (5)  Rewarded and no penalties (3)
The ELISA Learning Tool as a Substitute for Students Learning in the Laboratory
The development, design and production of the ELISA Learning Tool required substantial effort and resources from all involved. It was important to evaluate whether the traditional way of teaching the ELISA through providing lectures and practical class in the laboratory should continue and whether it is effective to further develop the Learning Tool as a potential substitute for practical laboratory classes and/or lectures. Table 5 overviews student feedback on the likelihood of using the ELISA Learning Tool to learn or practice the ELISA. It is encouraging that 63% of students would 'definitely use' or 'most likely use' the ELISA Learning Tool for study purposes. The analysis of the 24 responses regarding why students would use or not use the learning tool revealed various perspectives. The main reason to use the learning tool was seen in its ability to make the ELISA process visible (mentioned by eight students), which helps understand the process. The following comments illustrate this: While one student explained that it is 'better than reading about it', others (3) stated their preference for learning about the ELISA with books or from lecture notes. As one student commented: 'Books and lectures and practical classes tell you all this and way more. Its not necessary.'
Two students did not find the ELISA demanding enough, as expressed in this comment: 'My understanding of ELISA is beyond this game and I don't need it.'
Discussion
The student feedback gave valuable insight into their learning experience when using the ELISA Learning Tool and hence the value of gamification to enhance the process of learning for students. The feedback showed that students still valued a lecture or practical laboratory class slightly higher (an average of 12% in the categories very useful/useful) than learning and practicing the ELISA by using the ELISA Learning Tool. The lecture was rated highest for learning value from students. The practical laboratory class was rated less useful than the lecture but more useful than the ELISA Learning Tool. The lower rating on the practical application of the ELISA, in either the real world (laboratory) or virtual world (ELISA Learning Tool), might point to a problem that students have in putting theory into practice. Experiencing the value of lecture, practical laboratory class and ELISA Learning Tool differently can also relate to different learning styles of students (e.g. Honey & Mumford, 1986; Kolb, 1984) resulting in preferring different learning modes (Buch & Bartley, 2002) .
Nevertheless, of the 30 students who trailed the ELISA Learning Tool, 66% found the learning activity useful or very useful. This is still a positive outcome considering that this first prototype was not fully functional. Nevertheless, a third of the students provided less positive feedback with 17% stating that they found the learning activity not very useful and another 17% of students were undecided regarding its value for their learning.
Interestingly at the same time a very high number of students from the same cohort (90%) stated that they enjoyed learning the ELISA with the help of the Learning Tool. This is a striking discrepancy -while "only" 66% of students found the learning activity very useful or useful, 90% of students stated that they enjoyed learning with the learning tool. Some students even described learning with the Learning Tool as 'fun'. Why is that? -Some explanations can be offered though analyzing the qualitative feedback from students and looking at features of the ELISA Learning Tool that have been trailed.
First of all, the ELISA Learning Tool was tested as a prototype and hence not all features that make gamification of learning beneficial were fully developed and implemented. For example, the prototype offered students the opportunity to test their knowledge in eight different test scenarios or challenges. In reality (and envisioned as part of a future prototype) there are 40 tests with varying degrees of difficulty available to students and which students would need to learn and perform. Feedback from some students highlighted this particular matter in that they felt the 'game was repetitive' and for some students it was not challenging enough (e.g. 'My understanding of ELISA is beyond this game').
It is a known issue in any higher education learning environment that students can have diverse levels of pre-existing knowledge and hence engage differently in learning activities. Furthermore, students can have diverse learning styles and speeds of learning, which can also lead to students' reflecting differently on the usefulness of learning activities. However, gamification of learning is meant to exactly address such matters in that implementation of game-like features, such as using difficulty levels in a learning application, caters for the different developmental stages of student learning. Students could start exploring topics, such as learning the ELISA, according to their knowledge level and hence students would neither be overwhelmed nor unchallenged. The trailed prototype did not include this particular feature. Although seen as essential by the educator team and envisioned to be included, the iterative approach to the development of the Learning Tool did not see the implementation of this feature in the first prototype. This "weakness" of the trailed prototype is also reflected in feedback from students on the future use of the ELISA Learning Tool. It can be assumed that students who were not challenged by its use were among the students who stated that they would not use the ELISA Learning Tool for study purposes (13%). Similarly it is suggested that students who found the learning activity useful or very useful (66%) were also inclined to use the Learning Tool in the future, with 63% of students stating they would either definitely or most likely use it.
Secondly, the high satisfaction of students in learning the ELISA using the Learning Tool (90%) can clearly be linked to the gamification of the ELISA. Students stated that they gained a better understanding of the process of the ELISA and that the interactivity and visualization helped them to understand and memorize the process. As suggested in the literature (Geelan et al., 2015; Honey & Hilton, 2011; Morris et al., 2013 ) the benefits of using game mechanics were clearly highlighted through students' feedback. They were in favor of receiving immediate feedback; the graphics used helped students to visualize the process and make an otherwise invisible process visible in the laboratory. The feedback from students regarding better understanding of the ELISA and understanding what was going on in the test was particularly powerful as it emerged in answers to various different questions.
Furthermore, it was encouraging that a high percentage of students (90%) found that the ELISA Learning Tool simulated the test in the laboratory authentically. This is particularly positive as some students saw the use of the virtual test as time saving ("quick") and appreciated the instant feedback. The incubation time in a real world laboratory, for example, could require students to wait for long periods of time or even to come back the next day to see the result. An educator would need to be present to provide feedback (if possible) on the success or failure of a test outcome. Avoiding frustrations about not being able to find out what went wrong in an ELISA is a particularly positive result from applying a game-based learning approach. Providing instant feedback in combination with additional contextual information enables students to learn from mistakes and can enhance their understanding of the process. Although providing contextual information was again a feature not fully developed at all levels in the first prototype, which means that not every mistake that could be made triggered feedback in the application. However, students nevertheless commented positively on the instructions and information about the ELISA provided throughout the game.
Other typical benefits highlighted in the existing literature on gamification of learning also emerged in this research (e.g. Hanus & Fox, 2015; Lee & Hammer; 2011) . For example, students appreciated that they could test their knowledge without fear of failure or penalties. It was also positively mentioned that learning was made interactive and dynamic and enhanced through animations and sound. Overall, a large number of students commented on the effectiveness of the graphics which helped to stimulate learning and understand the ELISA.
Conclusion
The development of the web-based learning tool aimed to make microscopic processes of ELISA visible through the gamification of learning content to help students understand the microscopic processes and consequently make learning the ELISA easier for students. The design of the application used principles of gamification, such as a game like interface design, choice of challenges or test scenarios, instant feedback, repeat by failure or progress by success and enhancing features such as sound and animation.
Student feedback from the first prototype trial can overall be seen as positive, in particular in relation to the effectiveness of the application in visualizing the otherwise invisible processes of ELISAs. The feedback from MedLab Science students was encouraging with regard to enhancing their understanding of the Enzyme Linked Immunosorbent Assays (ELISAs). In the case of the ELISA Learning Tool, gamification of learning content is seen as a successful approach to enhance student learning in helping students understand the microscopic laboratory process of ELISAs. Furthermore, the gamification of content led to the large majority of students enjoying learning with the learning tool. Student feedback also highlights the potential for further developments, which would include the introduction of various difficulty levels to cater for diverse developmental stages of students. Other features of gamification, such as collecting points or high scores, could be implemented to spur on competitiveness among students and hence further their engagement with the learning tool.
More research needs to be done. For example it is not clear to what extent learning was inhibited through usability issues of the application itself, rather than through challenges in content comprehension. Future trials with a fully functional prototype would need to test the actual learning that had occurred through either an external exam or one completed as part of the learning tool.
Although the ELISA Learning Tool is currently seen as an additional learning activity to complement lectures and practical laboratory classes, the initial positive feedback and hence the success of gamification of learning in this particular case suggests that with further careful development the web-based ELISA Learning Tool could substitute the traditional modes of learning in the long term.
